flD-fll56  944 


UNCLASSIFIED 


VIBRO-RCOUSfiC  FORECAST  FOR  SPACE  SHUTTLE  LAUNCHES  AT 
VANDENBERG  AFB:  THE..  <U)  HESTON  OBSERVATORV  HR 
F  A  CROHLEV  ET  AL.  21  OCT  84  SCIENTIFIC-2 
RFGL-TR-84-8222  F19628-84-C-0eil  F/G  22/4 


MICROCOPY  RtSOLUllON  ItST  CHART 

N.Mli'NAl  KIIKIAU  ^lANl'r.Rl’'  I'H'- 


COPJ  AD-A156  944 


AKC.L-TH-84-0322 


VTBRO-ACOUSTIC  FORECAST  FOR  SPACE  SHUTTLE  LAUNCHES  AT 
VANDENBERG  AFB:  THE  PAYLOAD  CHANCEOUT  ROOM 
AND  THE  ADMINISTRATION  BUILDING 


i'rar.cis  A.  Crowley 
Fuaene  B.  Hartnett 


R’e.  Lon  Observatory 

Department  of  Geology  and  Geophysics 
■'.oat on  College 
'.bi  Concord  Road 
Weston,  Massachusetts  02193 


Cfctober 


Scientific  Report  No.  2 

Approved  lor  Public  Release;  Distribution  Unlimited 


LiJ 

-J 


/cir  l-iiri.i'  Geophysics  Laboratory 
Air  I  f  rce  Systems  i.,uininand 
rniteu  ;)t.;te5>  Air  Force 
ii.'.n.'-com  AF!'.,  Massachusetts  01731 


DTIC 


ELECTE 
JUL  0  5  1985 


CONTRACiOK  KKl'OKTS 


riiis  Lechnl (.;a  1  rcpoj  t  has  been  reviewed  and  Is  approved  loi  publication. 


};KNKV  A.  dSSING 
Gontract  Manaj;er 


'  a  — /■ 
- / — 


Mco.-r-'iion  For 

I  WT  T  O  fyys  «  •  T 

'■  TAH 

I  '  -.isduiced 


t 


Ju  if  lea  Li  on _ 


□ 


Bv _ _ 

distribution/ 


Av.ni lability  Codes 
Avail  and/or 
Special 


H 


A'—  .  C7  . 

!!f.n’r7~ 6ssing 


Chlei,  Solid  Karth  Geophysics  Hrar.c 


FOR  THF  C('MMAN:)F,R 


_ _ 

DONALD  H.  LGFHAKDT 
Director 

ilarth  Sciences  Division 


This  report  has  been  reviewed  by  the  LSD  Public  Affairs  Office  (PA)  and  Is 
leieasable  to  the  National  Technical  Information  Service  (NTIS). 


lUialliied  requestor.s  may  obtain  additional  copies  i  rom  the  Delense 
Technical  Information  Center.  All  others  should  apply  to  the  National 
Technical  Information  Service. 


It  your  address  has  ciianged,  or  if  you  wish  to  be  removed  irom  the  mailing 
list,  or  if  the  addressee  is  no  longer  employed  by  your  organization, 
please  notify  AFGL/DAA,  Hanscom  AFB,  MA  01731.  This  will  assist  us  in 
maintaining  n  current  mailing  list. 


UWCLASSlFltiL) 

s»  CU">TV  CLASSIUCATION  OF  THIS  PAGE 


la  Bt  POPT  Sf  CU«IT  V  CLASSIF  ICAt  ION 

UNCLASSIFIED 


REPORT  DOCUMENTATION  PAGE 


lb  RESTRICTIVE  MARKINGS 


?a  SfCuRITVCLASSiFICATION  AUTMORl  T  Y 


7b  Pt  Cl  ASSiF  ICATION/DOWVNGRA  Ding  sc  ME  OULE 


f  I  ORMiNG  ORGANISATION  report  NUMBER  (S) 


6a  NAME  OF  PERFORMING  organisation 

Weston  Observatory 
Host  on  College 


tv  AOOmSS  iCtty.  5vfo<«  and  7//’  C  4>«1«  J 

Conctird  Kt)ad 
W.'Mon,  MA  02193 


a«  NAMt  Of  f unoing/sponso«ing 

CPGANiZATtON 


.is  Jji(HR  /.I 


0b  Off  iC6  SYMBOL 
{If  ofipticcbUt 


3  OISTRIBUTION/AVAILABILITV  Of  REPORT 

APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED 


5.  monitoring  organization  report  NUMBER(SI 

AFGL-TR'84-0322 


7»  NAME  OF  monitoring  ORGANIZATION 

Air  Force  Geophysics  Laboratory 
Earth  Sciences  Division 


7b  ADDRESS  (City.  S’lolr  and  ZIP  Coda) 

Hanscom  AEB ,  MA  01731 

Contract  Manager:  Henry  A.  Ossing 


9  procurement  instrument  identification  number 
F19628-84-C-0011 


Bv  ACLiHfSSfCifv  S  lo  If  and  /.  1 P  Code  I 

10  SOURCE  Of  f  UNQiNG  NOS 

PROGRAM 

PROjE  ct 

TASK 

WORK  UNIT 

6  L  e  ME  NT  NO 

NO 

NO 

NO 

b2101F 

7600 

O'' 

AF 

11  T  1  7  1  [  '  /  n  <  1 1.  lIe-  ><*1  V.  F*  1  ieJ»I  1  /iCO  ( 1(70  > 

*  (  (.'  h  i  Mv'  K  W>  1  1) 

i;  ^IF-SONAl  AUImORISI 

lKoWI.KY,  Ft  .me  is.  A.;  HARTNim,  Eugene  B. 


13.  T  y  PE  Of  report 

Si  1  ent  i  1  it'  Kyt  No  2 


1  Jb  T.ME  covered 
FROM  _  to 


14  DATE  OF  REPORT  (Vr  .  Mo  .  Oayl  15  PAGE  COUNT 

84/a0/3i  71 


16  s  vPPLf  ME  NT  AR  V  not  AT  lON  *  Block  11  *  V  i  br  o-Acous  1 1  c  Forecast  for  Space  Shuttle  Launc'hes  .at 

Vamienberg  AFB ;  The  Pavload  Changeout  Room  and  the  Administration  Building 


10  Subject  TIR  ms  fC  on  i$nur  on  rrtprrar  tf  nrcfuary  ond  identify  by  biocb  num  btr/ 

■Rocket  Plume  Acoustics  STS  Launch  Environment 

Vandcnberg  AEB 
Vibro  Acoustics- 


19  A6ST  A^CT  (Con  fiftuf  On  1/  n^rri0ary  ond  identify  by  b(o<li  nurnb^ft 

The  PCH  and  AB  vibro-acoustlc  environment  Is  simulated  for  Shuttle  launches  at 
Vandenberg  AKh  using  local  responses  and  a  source  term  founded  on  KSC  launch  pressures. 

('•'i  rpressurc  erinnatlng  1  rom  above  the  Launch  Mount  at  VAFB  is  materially  altered  In  lorm 
and  level  by  alte  reverberations.  Motion  produced  in  simulations  regularly  approaches  or 
.•xrecds  velocity  and  acceleration  thresholds  cited  for  other  launch  support  structures, 
lorpcastb  call  for  PCH  roof  displacements  toward  the  PPK  exceeding  2.0  cm  for  most 
.  laurub.es.  The  expected  maximum  di8plai:ement  nfte;  '>  launches  Is  3.5  cm.  An  exceedance  of 
'>  vT  can  H,.  anticipated  over  the  facility  life  cycle  (=  K'O  launches). 


70  015  1  "I  Pu<  ION  A  V  A  1  L  AB' L  I  T  V  OF  ABjTRACT 

UNCL  ASSiF  ll  D/UNl  IMiTIdEH  SAMEA5RPT  CjDTlCLSfRsO 


77a  NPME  OF  RISPONSiaLf  INDIVIDUAL 

Her-.'  .•  A.  Ossing,  AF(:l/oW31 


71  ABSTRACT  SICURITV  CLASSIFICATION 

UNCLASSIFIED 


73b  TELEPHONE  NUMBER  73c  OFFICE  SYMBOL 

(tnflud*  Arru  Codti 

b  17-8(1 1-3  2.’.'  LWH 


DO  FORM  1473.  83  APR 


EO.TtONOF  I  JAN  T3  .S  obsolete 


TABLE  OF  CONTENTS 


PAGE 

INTRODUCTION  1 
Statement  of  Need  1 
Scope  1 
Approach  1 

GSS  l.AUNGH  environment  SPECIFICATIONS  .1 
Doflnltfons  2 
Motion  Estimates  2 
Pressure  Estimates  2 
Launch  Environment  Specifications  3 
Motion  3 
Pressure  3 

FINDINGS  h 
Motion  4 
Pressurt  4 

PRESSURE  FORECASTS  5 
Introciuction  5 
Pressure  Representations  A 
Shuttle  Source  6 
Explosion  Source  7 
Source  Mapping  (iperator  7 


I  I  I 


4. A  Simulation  Source  lirror 

4.5  Launch  Pressure  Simulations 

4.5.1  East  Face  of  PPR 

4.5.2  AB  Roof 


PAGE 

8 

9 

9 

10 


5.0  MOTION  FORECASTS 

5.1  Motion  Representation 

5.2  Responses 

5.3  PCK  Motion  Simulations 

5.3.1  Particle  Velocity 

5.3.2  Disp]  ai:ement 

5.3.3  Acceleration 

5.3.4  Pseudo  Velocity  Estimates 

5.4  Administration  Building  Motion 

5.5  Repeated  Launches 


11 

11 

12 

12 

12 

13 

13 
1 .3 

14 

15 


5.h  Summary 

17 

« 

Flgii  re.s 

21 

Appendix  A; 

The  Sounding  Program 

44 

1 

Tab  1  e  i  A : 

Sotinding  Tests 

46 

Eit'.ure  lA: 

Cbcinnel  Responses 

4  7 

Figure  2A; 

(h.innel  Responses 

48 

1 

Figure  lA: 

Gave  lets;  2.5  Pound  Shot 

4  9 

Figure  4A; 

Wavelets;  2.5  Pound  Shot 

50 

1 

IV 

PAGE 


Appendix  B:  Flat-Enrth  Vibro-Acoustlcs  51 

Figure  IB:  Vibro-Acoustic  Shot  Wavelets  53 

Figure  ??,:  Sensor  Configuration  54 

Figure  3B:  Channel  Responses  (1-6)  55 

Figure  4B:  Channel  Responses  (7-12)  56 

Figure  5B:  Channel  Responses  (13-18)  57 

Figure  6B:  Phase  Velocity  58 

Appendix  C:  Pseudo  Velocity  Spectra  59 

References  60 

Acronyms  and  Abreviations  64 


V 


1.0  INTRODUCTION 


1.1  Statement  of.  Need  -  There  is  a  need  to  forecast  the  vibro- 
ncoustic  environment  produced  by  Space  Transportation  System  (STS)  Inuiiches 
at  Vandenherg  Air  Force  Rase  (VAFB)  to  support  facility  design,  operations 
and  lifetime  predictions. 

1.2  Scope  -  Figure  1  shows  the  major  Ground  Support  System  (CSS) 
elements  neighboring  the  launch  pad.  Our  report  treats  launch 
vihro-acoustics  for  two  of  these  structures:  the  Payload  Changeout  Room 
(I'CK)  and  the  Admin  i  st  rat  ion  Building  (AB).  The  PCK  is  a  niul  t  i  storied 
mobile  structure  used  to  carry  payloads  from  the  Payload  Preparation  loom 
(PPK)  to  the  Shuttle  on  the  Launch  Mount  (I.M).  The  AB  is  the  fixed 
building  in  the  foreground  of  Figure  1,  south  of  the  PPP. 

Prior  to  launch,  the  PCR  is  rolled  back  from  the  LM  and  parked  just 
off  the  east  face  ot  the  I’PR.  At  launch  time  the  PCR,  I’PR  and  AB  are 
three  distinct,  tightly  clustered  multistorie<l  structures.  For  small 
notions,  the  building, s  move  freely  of  one  another.  For  displacements  in 
excess  of  a  few  centimeters,  they  will  collide.  Secondary  motion  produced 
bv  pounding  is  ou. tside  the  scope  of  this  study;  only  the  likelihood  oi 
ir.pact  is  cons  idered. 

1.3  Approac b  -  Vibro-accuistic  forecasts  presented  here  combine  a 
Shuttic  source  terr  established  at  Kennedy  Space  Center  (K.SC)  (1,2)  witli 
ru'.nured  respor.ses  to  small  test  explosions  taken  at  VAFB,  Appi-ndix  A. 

The  e  responses  ront.'  in  site  ncculiar  reverberations  to  lie  encountered 
e.rriu,  ,1  !  auncii  at  V'db.  Fffects  due  to  the  ivicket  exhaust  cioud  and 

'ill  oiipWtc  enc  tnation  are  not  includtd  in  these  estimates.  It  is 

!  i  iiivf'd  tb.eir  oi.i;  .i()u  wil’  not  matei  ialiv  degiadc  the  forecasts. 
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;!.()  (,;ss  LAUNCH  P:NV[K()NMLNT  St’I.ClKlCATTONS 

i;.l  Definitions  -  Motion  environment  can  be  specified  in  many 

ways  (T).  Peak  motion  is  commonly  cited,  as  is  level.  Both  peak  and 
level  thresholds  have  the  advantage  that  they  are  readily  validated  with 
minimal  analysis  and  interpretation.  For  major  structural  members,  more 
comprehensive  measures  such  as  psetido  response  spectra  or  power  spectra  are 
usually  invoked.  In  order  to  satisfy  a  variety  of  often  cited  motion 
specifications,  we  ruiantlfy  Shuttle  launch  vibro-acoust i cs  in  the  band 
0.1  to  10  Hz  as  follows; 

2.1.1  Motion  F.stimates 

a)  Peak  Motion:  The  maximum  component  motion  ot  a  point  i rom 
its  long-term  rest  value. 

hi  Hespouse  Spectra:  The  maximum  motion  over  a  family  of  second 
nrdei  '.y.steins  having  2".  or  Ih  damping  excited  by  a  prescribed  base  motion. 

i:)  Motion  level:  The  rc'ot  mean  square  motion  of  a  point  about 
It,.  i>'M  value  over  a  dur.ition  T ,  starting  at  time  t. 

til  Power  'qiertr.'i:  I’er  i  c-dograr!  average  ba, sod  on  motion  samples 
ot  dui  .It  ii'n  T. 

I'rc'.suii'  l.st  ii'iati.-:- 

Prer.surr  de.-  .  ;  a  1  h;ive  severa,!  variants.  Pressure 

forccast.c  ail'  given,  ii.  term  ot  t  lie  tol  lowing; 

.•i )  it  .:k  '’'(.>,,,1.,.;  iDi-  l.irj’.ei.L  observed  pressure  deviation  1  i  or; 

ii’ib  lent  . 

'  ,i,iiT  ! r  "he  toot  mean  square  pressuio  in 

1'.  i.c.i  haiid  .  '  I'.t  i- r ...'  .M  '  t  e  ,iie  iii  1  f- .  I  .  over  iluratic'ii  1,  -t.irtin)'  .it 

(■ 

r  i  nr  t  . 

;  :  .  (  I  '  c  •  '  , .  ■  I  t  1  . ;  li  -  g  I  all!  .1 VI'  1  .i;  ',o  ' '  f  p  r  e .1 1 1  e  : . aln  j'  1  e  i .  ' ' ' 


duration  T. 


d)  CiASFl.:  I’lioadband  mean  square  pressure  estimate  determiricd  bv 
integrating  the  "best  fitting"  standard  tonu  spectra, 
i . 2  Launch  Fnvlronment  Specifications 

2.2.1  Motion  -  Motion  specifications  have  not  been  estab 1 istiod 

for  either  the  i’CK  or  AB.  However,  acceleration  spectra  in  excess  of 

2 

.Oig"/!z  and  pseudo  velocity  responses  in  excess  of  100  inehes/second  are 
cited  as  motions  of  concern  for  other  GSR  structures  (Bl.  To  these 
"thresholds  of  conccin"  we  add  a  peak  displacement  that  i.s  half  the 
prelaunch  at-rest  gap  with  the  PPK.  For  the  PCR ,  a  west  displacement  as 
snail  as  1.0  centimeter  can  be  a  motion  of  concern,  while  a  north  displace- 
tiont  of  2.6  centimeters  constitutes  a  "motion  ol  concern"  for  the  AB  (A). 

_.2.2  Prcbsu re  -  Far-field  acoustic  estimates  for  launches  at 
station  \'2  1  havf-  not  seriously  treated  pressure  modifications  caused  by 
topography  and  M'R  structures  f3).  The  forecasted  OASPI,  maximum  from  6.4% 
no.ii'l  Studies  icuneiuos  \,'lth  our  findings  for  a  flat  open  area. 
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i.O  FINDTNCS 


Launch  motion  forecaRts  are  summarized  in  Table  1  ior  point,", 
on  the  south  Tayload  Ground  Handling  Mechanism  iPGHM)  rails  and  the  Orb  iter 
Flight  Siniulator  (OFS)  floor.  The  locations  were  selected  by  the  Shuttle 
Activation  Task  Force  (SATAF).  'I'he  table  elements  give  the  maximur..  value 
obtained  In  one  simulatid  launch.  Motion  values  approaching  or  rxceeding 
thriu.ho  lil.s  ot  t  oiK'ern  are  highlighted. 

1.1  Motion  -  haunch  generated  side-on  pressure  cm  the  east  tnci' 

■  '!  the  I'GR  will  torque  the  structure  into  a  lightly  damped  sway  in  line 
with  till'  haunch  Mount  and  the  PPR.  The  motion  forecast  for  the  PGR 
rep.tilarlv  I'yceeds  the  displaciment  threshold  of  concern.  A  .  0  cm 

pre  launch  "at  rest"  pap  between  the  ITR  and  the  PPK  is  insufficient  to 
legtilarlv  acn  nirnodate  the  expected  sway  of  both  buildings.  The  structure.'; 
ran  .i  b  i  p,h  i  i  sk  of  pouruing  during  a  launch.  riie  rehounding 
cha ra c I  (' r  i  St  ic s  and  aiih.seqtient  damage  1  i  (im  such  colli5;ions  are  out.'^ide  the 
scopt  of  the  prc'.i'nt  studv. 

’..2  Pressui  t'  -  The  proiusic'p  of  multistoried  structures  in  the 
i  ii’ii.i  (!  i  a  t  e  ne  i  ehtio  riiooi!  ft  rh'’  !  .'uinch  Mount  produces  in.'Ve  rhet  at  ions  that 
:  igiiii  it.aitlv  ii  ’  1  L  1  tile-  plia'  (.  ,  level  and  .pectrai  cha  ra  c  t  >■  r  i  .'U  i  e  o  of  Uvui 
oi’iot  i  (o;  i  m.p  i  uj  ;  up,  on  the  I  (  i'  and  PPR.  Forecasts  tb.al  include  site 
levc-ii'  rat  ions  oit.iiiiesi  iu  Sounding  test.s  Call  t  oi  pressuro  .siH-ctra  on  ilu- 
eai.t  1..0  o:  .)  r'r  .  is  i.  .ib  111), her  than  spectra  at  a  :  i,;:-  eartb  'itc 

!  f  b  •  ..imi'  d  i  :  tain  o  . 

0/0  i  !  .  .  ■  n  I  .  ■  .  i  1  ..  j  1  11 1  ; :  ;  .  i  n  s  i  Ins  s  •  u  n  i  1  u  t  t  e  ri  i i 

■  b  t  -  1  r  ’■  t  h  , .  i  t  e  .  like  in  u  e  '  u  ;  i  i  u  ';e  suer.  ]  1  ,n  c  s  do  not  :  ra  t  e  t  i  . .  1  I ' 

ri'sli.ip,  loail  spijctra.  in  i.  I'r.rst,  OA.  ’!  .ontour  trips  '.o;  VAfb  .i  i  a  .  i 

'  '  I  ;  I  (■  '  1 1 1  i  1  1  t  V  ill  r  an  .-I  ?  <  ■_  .  i  !  i  a  a  t  ;  ■  in  alter  t  t  a  ■.nnc  I  r  ,  n  i  an'  on  t  ,  ira’ 

P  iia  s  1  n  o,  n  ;  t  be  .  i  p;  ■  i  .  ■  's  ]  oa. '  •  i ;  ■ '  :  m  t  u  re's  ue  i  s,l  i' "  r  i  i  a;  :  i  r(  i  aun  ■.  li  ’  ‘oni  t  . 


4.0  PRF.SSORb.  FORl'.CAST? 


4.1  Intrcductiun  -  Pressures  outside  a  source  region  can  be  separated 
into  a  frec-field  term  and  contributions  arising  tiom  boundaries.  For  a 
small  source  In  an  isothermal,  windless  atmosphere  overlying  a  dense,  flat, 
piM-fectly  reflecting  (>arth,  the  surface  boundary  doubles  the  incident 
free-field  pressure  term  (6),  For  a  less  than  perfectly  reflecting 
flat-earth,  surface  pressure  depends  on  the  path  defined  by  the  source  and 
reasurement  locations. 

Surface  pressure  produced  by  a  Shuttle  launch  at  KSC  is  well 
represented  by  small  source,  far-field,  spherical  acoustics  incident  on  a 
:l,;t-earth  for  stations  clear  of  the  rocket  exhaust  groundcloud.  Sunace 
pressures  at  offsets  ir  the  range  of  200  to  400  meters  decay  inverseW  with 
range  without  a  change  ir  form,  with  phase  delays  in  harmony  with  the 
pressure  field  prodn ed  by  a  point  source  imbedded  in  the  rocket  plume 
moving  with  the  StuitCle  (1,?),  Around  the  time  of  maximum  loading,  STS 
launch  ovei pressu res  ^<-.tisfy  standitrd  form  undeflected  plume  spectra  (2). 

The  fiASPl  inuxim.um  at  KSC  for  2. 56  second  averaging  at  stations  300 
meters  from  the  launch  pad,  clear  of  the  p.roundcloud ,  occurs  about  11 
seconds  after  llfteli  with  the  Shuttle  at  an  altitude  of  300  meters.  At 
thi^  tine  the  enuiv.ilent  acoustic  source  is  100  meters  below  the  Shuttle 
12;.  (he  (’ASPF  m,i:.  i  r.:!::”  is  1  VS  n'h  (J5!  db  for  t'.'i  second  averaging)  12). 

’'he  ‘spectra!  maximum  ;  arnurd  7.0  Hz,  a  value  in  b.armony  with  scaling 
e  .  t  ima  t  e that  use  p  ropu  1  s  i ;  lU  svstem  parameters  (7,8). 


4.2  Pressure  Reprosentni  idiis: 

4.2.1  Shuttle  Source  -  Lauiuli  j'enerated  surlace  overpressure  tine 
histories  arourul  the  OASl'l,  naximum  at  an  oliset  ol  3()0  meters  are  simulated 
by  convolving  an  Independent,  ?.ero  mean,  ui.it  vatianee,  ni'rmal  pioce.ss, 

N(0,1)  wltli  a  STS  suurtH'  term,  Y  ,  1 1  1  aiul  a  site  itn-poiise  I?  (a  ,h;tj. 

S  I  S  s 

I'  . (a  ,  ■  '  /m  .1  *  i  It/  *  I  !  I  ,  1  ) 

S!S  s  ■  ’  ■ 

11^*  ii  ^  I  ■  ~  '  S  (I  :re  t  ,■  I 

ill  this  c  ons  t  me  t  i  or. ,  ^  connects  the  pressuie  developed  at  the  ground 
■utiace  to  a  source  pressure  emitted  bv  the  pro[)ulsion  svstem.  It  incJude.s 
■  111  '  .  n  t  r  1  hut  i  on.s  caused  by  site  boun.laries  while  t  hi  s!ni}nng  term,  V,  is 
'■/''/‘I’.'  a  source  attribute  I't  the  incident  iree-licid  pressuit  ,  independent 
'  t  h/uni/ia  I  cotu  r  ihnt  i  ons  . 

Shoitly  beloie  .ind  tollowir.p  tlie  oAdu',  imum ,  .spe,:trai  shaire  .it 

points  ne  i  glibo  r  i  ng  the  Shuttle  iaunep.  i relt.tively  cmistanl.  [Tie 
/  oi.cj,  1  (  I  ii-.ui-,  chatige  tor  a  ilxed  obsiTvet  monitoring  ,t  moving  iccket  is  in 
soiled  powei  level.  TTi/'  nons  t  a  t  i  ■.  •n.i  i  v  i  l.a  t  ac  t  e  r  1  s  t  i  in  acoustic  level  ioi 
t  launcii  1  .s  i  ntori'orated  into  out  .simul.it  ion  bv  .in  empiriial  envelope 
!  MI;  (  t  i  oti ,  F.  (  a  ,  t  J  g,  i  v  1  ng  : 
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TABLK  1 


FEAK  MOTION  VALUES 


BANDPASS  C.3<f<30  Hz;  Launch  #6;  A3 


1  (a'AT  ION 

DISPLACEMENT 

VELOCITY 

ACCELERATION 

l'(  l.;  • 

(.cm) 

(cm/sec ) 

(r) 

LPi'KR  Si'ETl;  TTHM 

RAIL 

0.43 

3.4 

.  IS 

\ 

0.46 

4.7 

.16 

E 

3.32 

21.6 

.  34 

PCR; 

south  pghm 

7 

RAIL 

0.74 

6 . 6 

.35 

N 

0.21 

2.5 

.09 

E 

0.52 

6.5 

.  24 

AS: 

OFS  FI.OOR 

0.41 

9.3 

.73 

0.26 

2.9 

.  1  1 

i: 

0.37 

3.  7 

.  14 

be  n.  intained  b>  tween  buildings,  pounding  is  unlikely  and  our  simulations 
should  almost  alwavs  apply.  !f  the  10  cni  gap  cannot  be  n'aintained, 
pounding  can  again  be  nvoldeu  liy  hard  cou[)11ng  the  struitures  to  leree  them 


to  move  as  a 


s  ii'g,  le  i;vsteri. 


the  I’CR  will  exceed  st^me  threshold  d  isplaccr’.ent ,  d,  after  a  specific  number 
of  launches,  N.  Ihe  cumulative  prcbahiiity  that  the  threshold,  d,  will  be 
net  or  exceeded  by  the  Nth  launch  is  gii’en  by; 


W(N)=  i-P(d)^ 


Iron;  Figure  20,  P=b0%  for  steady  state  segments  of  slightly  more 
than  2.0  seconds.  The  chance  that  2.00  cm  will  be  exceeded  after  3 
launches  is  1  chances  out  of  8.  Similiarly,  there  l.s  a  50/50  chance  that 
the  PCk  will  exceed  a  displacement  of  3.5  cm  after  5  launches. 

In  the  same  way  we  generate  the  distribution  for  the  vertical 
acceleration  maxima  f rot;  steady  state  samples.  Figure  22.  Using  I’(35)=50/, 
the  OF.S  rloor  is  expected  to  experience  a  peak  acceleration  of  at  least 
(,'.7  g  for  r.ost  1, lunches.  Over  a  sequence  of  5  launches  there  is  a  50/50 
chance  that  the  ('FS  floor  acce ie rt at  ion  will  exceed  0.85  g's. 

5.0  Suiiima ry  -  ''.ihle  1  is  a  summary  of  peak  launch  motion  values 
obte. inod  by  simulation.  Motion  maxima  are  given  in  terms  of  displacement, 
veloc  ity  and  ac ce  i c rut  ion .  Ihe  motions  of  concern  are  the  east 
displacement  of  i  ;;e  upper  !’(,11M  rail  and  the  vertical  acceleration  ot  the 
Ills  floor.  The  pe.ik  motion  over  a  sequence  of  launchc.s  varies  by  about  a 
tactor  of  2.  The  d  i.itribut  ion  in  the  peak  value  is  in  liarmony  with  the 
torecast  obtained  bv  ogment  ii;g  a  stationary  process. 

rlie  at-rest  gap  between  the  TCP  and  PI'K  over  a  set  of  launches  is 
!  r  se  1 '  an  uncort.ain  qurmtity  subiect  to  statistical  description.  The 
ii.iniiimm  g.ip  I'ctwi-cn  the  hard  rc^c'f  edges  measuri'd  August  1 'IHA  was  something 
less  than  l.P  cm.  AC  that  time",  the  f'CF  was  skewed  well  out  of  alignment 
with  the  I'l’R.  If  a  prel.ainch  at-rest  gap  as  large  as  10  cm  can  alwavs 


1  7 


W.  ifc  liifc  I  r>.  I'h  iWi  li'  ■h'  -m\ 


distribution  is  graphed  In  a  manner  that  plots  a  Normal  distribution  as  a 
straight  line.  The  PCR  displacement  maxim. i  are  not  distributed  as  a  normal 
variate.  They  lie  much  closer  to  a  Kavlelgh  population,  the  limiting 
distribution  for  maxima  of  a  narrovband  process.  The  figure  gives  ttie 
probability  oi  containing  the  rvixlmum  displacement  by  the  threshold  b.ised 
on  assumptions  about  how  long  the  I'hR  motion  "essentially"  holds  a  stead;. 
srat(“  charat Lerlstlc  during  a  launch;  l.e.,  the  average  number  of  maxima 
encountered  In  the  interval  for  K(a^;  t)~l.  The  longer  the  motion 
persists,  the  larger  the  absolute  maximum. 

11  we  now  treat  each  launch  to  be  an  independent  event  governed 
bv  t  lie  probability  distribution  R(dl  shown  In  Figure  ?(),  the  niaximuni 
displacement  of  the  I'hR  after  a  number  of  launches  can  b(>  Immediatel v 
tciiccast  tiirougli  the  return  period  (Ibj  defined  by: 

T(d)  = _ 1 _ 

l-P(d) 

Tile  expression  is  simply  a  statement  tiiat  if  the  PCR  1ms  a  single 
launcit  probability,  p  =  (l-P(d))  of  excc>edlng  a  thresliold  displacement,  d, 
we  must  tmve,  on  the  average,  1/p  launches  to  exceed  the  threshold  once. 

Figure  ?1  Is  the  maximum  d  1  sp  1  .icement  forecast  for  the  PCR  roof 
based  on  the  return  period  of  steady  state  motion  sample  segments  of 
betwien  2.0('  and  i.OO  second  dur.atlon.  The  forecasted  peak  displacement  is 
relatively  Insensitive  to  assumptions  about  envelope  shape  after  a  modest 
number  of  launches.  Over  a  facility  llfi  rvile  ol  lOO  launches,  the 
absolute  maximum,  west  displacement  ol  the  PCR  from  its  prelaunch  rest  value 
Is  estlmativl  to  he  1  cm. 


Viewed  somewhat  differently,  we  can  estimate  the  probability  that 


hlsLorit'S  exceed  the  cited  .()lg‘'/Hz  tlireslu'ld  for  a  number  of  frequency 
l)andK,  Figure  1,'.  :n  coni  last,  psemlo  velocity  spectra  are  well  below  the 
liMi  ln/‘.e(  level,  llgure  IH.  Fven  over  a  large  sequence  ol  launches,  it  1s 
highly  iinlikelv  that  ids  floor  motion  will  exceed  displacement  or  velocity 
thre.sholds  ot  tvi’cern. 

S . ‘j  i.attnches  -  The  maximum  probable  motion  excited  over  a 

siM  ies  ot  l/iunclies  depeinls  on  structuie  response  and  the  ensemble  charac- 
tt'ristics  ol  tlie  Shuttle  source  pressure  being,  ultimately  representable 
■’  v  a  N  ( II ,  1  )  process  . 

The  maxinnr,  motion  forecast  for  a  se<juence  ot  launches  is  based 

on  tht  distribution  ol  a  statiiuiary  process,  u  (t,l)  obtained  bv  Slotting 

K ( r  :  t  1  -  1  ,  1 eav  t ng : 
s 

>■1  . ,  ,  ,  I  r  ;  t  )  -■  u  (  r  ,  t  )  *  W  (  t  )  *  N  (0,1  ) 

S . o  exp  .  .  / 

where,  as  before,  the  motion  produced  by  an  explosion  is  represented  by; 

u  (  r  ;  t  ;  =  C  (  r  ;  t  )  *  Y  (  t  )  *  ,5(  t  ) 

e  X  p  i'  X  i> 

for  the  path  established  by  r. 

Figure  19  Is  the  distribution  obtained  lor  cast  displacement 
"uixira  of  the  upper  POHM  rail  when  the  I’CK  is  excited,  long  term,  with  load 
values  appropriate  for  around  the  time  of  the  (lASPb  maximum.  The  maxima 
for  such  a  construction  are  known  to  lie  between  a  Rayleigh  and  Normal 
distribution,  depending  on  spectral  composition  (17). 

Figure  70  Is  the  distribution  in  the  absolute  maxima  of  PC.R  rcui) 
d  1  Hp  1  acem»int  s  In  ’he  direction  ot  the  PPR  for  diflerent  length  samples 
based  on  the  stationary  process  for  the  I'l.llM  rail  that  preserves  tilt.  ihe 


members  like  the  I't'.llf;  rails  can  be  treated  as,  tlie  input  mot  inn  to  attained 


components.  Concern  about  the  niatiimum  motion  excite'd  ii'  hardware  fiurir,g  a 
Uiunch  naturally  leans  to  the  consideration  ot  pseudo  respon,  e  spectra, 
i'or  such  analysis,  iiotion  it:  exces.s  of  100  in/sec  has  ifen  cited  as 
"vahit  nt  ton  ern"  in  other  ORS  structures  (.d). 

1  ip.iite  IR  deiiicts  pseudo  velocity  response  speetra  (dr  and 
damping  basi-d  on  the  upper  and  lower  rail  simulated  motion,  Appendi.':  iiie 

results  are  jilottefi  in  a  fashion  that  readily  allows  alternate  estiiiates  iti 
t  erpj.  of  acceleration  or  d  1 ‘;p  1  acemenc  .  ihe  only  motion  appriMching  the  10(' 
in/.sei.  level  is  the  east  velt'citv  of  the  uppe'r  i’OHH  rail.  It  can  he 
expected  tliat  ])seuuo  velocities  for  p<Mnts  above  tlie  upper  PilHM  i.iils  will 
exceed  100  in/sec  (:;'>4  cm/sec). 

R  .  4  Adrii  ni  St  f<il  icni  Building,  flotion  -  In  much  the  sar.a-  isanncr  a;;  tei 
ihe  Pril,  we  corsti'uct  Launch  p.enerated  time  histories  for  the  (iR  1  lour  in 
the  Adm  i  r,  i  St  rat  ioi'  building.  Figure  Ih  shows  floor  accelerations  1  ased  on 
respc>nse  me.asurcment  s  const  r. lined  to  a  source  lieigl.t  of  less  than  00 
meter.s  above  tin*  launch  mount.  Peak  vertical  acceleration  in  thii.  case 

■  ipproaches  1.0  g.  Since  the  siniuiatien  almort  certaiin;'  underestimates 
toot  loads  generated  by  the  Shuttle  mo\  iug  soutli  and.  higher  than  i  sli  met(*rs, 
true  peak  iloor  acc  t  i  erat  i  ons  might  well  exi-eed  1.0  g. 

I’eah.  d  j  .sp  1  ai  iPient  .s  I'f  tlio  Ab  uonnal  to  ti^e  gap  with  itie  il’K  are 

■  niistant  la  1  1 smaller  t  li;in  tiie  ,it-iest  opening,.  .\  design  gap  in  e.xcess  ol 

cm  slioiild  accom;.,odat(  Admini  st  i  at  i  on  building  d  i  s]-)  1  ,,i  ciiieiit  s  .  laiilitv 
damage  due  to  d  i  sp  i  i.cemteiU  should  lie  confined  to  weak  Al.-i's,;  conuet.tiio' 
i '  1  ei  ,eii  t  s  . 

OKS 


Moor  tree  I  e )  t  i  on  spectra  based  oi;  .  .')!<  seiv'iid  time 


T 


1 


BT 

- 

•• 


l’(U\  develops  a  secondary  sway  ac  right  angles  to  tb.e  lirst  but  at  a 
slight Jy  liigher  liequeucy.  Iliis  secondary  sway  is  aggravated  by  the  torque 
produced  by  rel]ecticns  nfi  the  PPR  that  travel  back  along  its  south  *  ace . 
The  horizonal  motion  is  considerably  larger  at  the  upper  elevation;  tl.e 
vertical  motion  is  more  intense  near  the  base. 

5. 3.  a  Displacement  -  Figure  1,?  recasts  the  motion  given  in  Figure  M 
into  a  displacement  time  history.  As  a  result  of  sway,  the  upper  raii 
executes  an  east  displacement  that  is  in  phase,  but  larger  in  magnitude 
than  that  of  the  lower  rail.  The  maximum  tilt  between  the  rails  is 

1*10  radians.  A  peak  displacement  at  the  roof  line  tliat  preserves  tilt 
implies  a  displacement  40%  larger  than  shown  for  the  upper  I’CHM  rail, 
nisp  1  aceraeat s  :'n  the  ilirection  of  the  PPR  should  regularly  exceed  3.0  cm. 

An  at-resL  gap  of  5.D  cm  or  less  between  the  two  buildings  is  prolrab  ly 
inadequate  Co  avoid  pounding.  Our  simulation,  being  based  on  a  linear 
response,  becomes  iuv.ilid  when  pounding  occurs.  Pounding  can  be  expected 
to  substantially  intensity  motion  in  the  PPR  and  PCK. 

5.3. )  Acce lerat ion  -  Figure  13  recasts  the  velocities  given  in  Figure 
11  into  acceleration  time  histories.  Lower  rail  acceleration  spectra  based 

O 

tir  2.5h  second  samples  approach  .Olg'  /Hz,  a  threshold  of  concern  for 
otlier  laciljtics  (3),  Figure  14.  True  motion,  unlike  the  simulated  motion 
rime  histories,  includes  contributions  above  30  liz .  Hence,  actual  peal 
acceler.it  ion  should  be  suiTiewh.jt  larger  than  its  corresponding  siimilaled 
value.  ;r  is  wortb  noting  that  acceleration  spectra  in  this  simulation  are 
,11'cSi  1  orders  ct  magnitiule  larger  than  observed  lor  KSC  ground  stations 

•  it  the  same  distance  a.  llii’  FOR  (11). 

'  .  *.4  i'seiiiii'  Velocity  i.stimates  -  Motion  excited  in  iraior  structura 


a  vertical  trajectory,  h=h(t): 


As  before,  p  ,  (h,t)  relates  to  p  (h,t)  through  tlie  napping 
STS  exp 

operator,  W(t).  Is  determined  by  measurement  over  tiie  path  defined  by 
its  end  points,  namely  the  position  of  the  "equivalent"  STS  source  and 


loiation  of  the  seismic  observation. 


S.f  Responses  -  C  values  1 rom  test  shots  are  available  for 
1  S -c  h -c  bO  meters.  In  this  range,  P(’R  response  is  found  to  be  relatively 
insensitive  to  stjvirce  height,  Appendix  A.  !*(1K  motion  lorecasts  use  a 
lieigfit  insc'nsltive  response  that  satisfies  the  lirsf  seven  seconds  of 
tilglit.  For  later  times,  the  relative  error  will  undoviht ed  1  y  grow.  The 
direc  t  ion  that  the  error  takes  depends  on  the  type  ('!  structure.  Motion 
loiecasts  for  telallvelv  tall,  slim  buildings  like  ttu'  1*('R  will  in  all 
likeliiiood  be  overestimated.  In  contrast,  botn  the  roof  load  and  motion 


lorecast  tor  the  Administration  building  will  i)e  underestimated  wiien  the 
lorecasr  is  constrained  to  use  onlv  the  tirst  ISO  meters  of  Shuttle 


trajectory.  As  the  Shuttle  movt's  south,  backscatter  olf  the  Pl’R  south  wall 
.sliould  nearly  double  and  phase  align  tlie  root  load  on  the  Administration 
bu  1  1  d 1 ng . 

S  .  ■<  I’(,R  Motion  Simulations  - 


S.  i.l  1’^  t  1  (  1^  'ii' ^ ”  Figure  11  depicts  particle  velocity  time 
htstorlc's  for  points  on  the  upper  and  lower  south  I't-HM  rails  assuming  tliat 
the  height  i n sen s i t 1 vt'  building  responses  obtained  in  sounding  tests  will 
(iintinue  to  apply  when  the  Shuttle  is  ai'ove  ISO  meters.  In  this  slnulatlon 
the  eailv  rail  mcitlon  Is  dominated  by  a  lightly  damj-ed  htiildlng  sway  in 
line  with  till'  i  aiinch  Mount.  As  the  l.iuiuh  piorecdH,  the 


5.0  MOTION  FORECASTS 


5.1  Motion  Representation  -  After  Backus  (10),  motion  excited  at  a 
distance  by  a  source  acting  at  the  origin  of  an  elastic  system  can  be 
expressed  by; 


(x  ;  t  ) 


I 


,  n!  ^kl  ,  J  .  -  .  J  (x;  t  :0. 0)  *  M  . 

n  =  1  •  -Jr, 


.j  (0;t) 

Jr 


For  a  small  source  the  first  term  dominates  (11),  to  give: 


'"’ki,  *  Mij(0;t) 


In  turn,  a  simple  center  of  pressiire  can  be  represented  as  the  product 
I't  a  lunction  of  time  and  a  constant  (Ih)  to  give,  in  this  case: 


M  .  . 
I  I 


Y 

exp 


(t)  • 


^  ,  . 

IJ 


.  =0 
IJ 

c5  ,  .  =  1 
1 .) 


i  =  j 


Under  these  constraints,  the  component  motion  excited  at  a  point  within  the 
PCK  by  an  explosion  over  the  I.aunch  Mount  is  reduced  to  the  temporal 
convolution  of  a  source  pressure  with  the  response  of  a  time  invariant 
linear  system: 


(UCK  ;  t  ) 


C  (I’CR  ;  t  :h.  0)  * 


Ihe  motion  exclteil  b\  the  moving  rocket  leads  to  a  time  dependent  path.  lot 


reverberation  pattern  excited  by  a  source  under  100  meters  will  continue  to 
apply  at  higher  altitudes.  For  ii  STS  launch,  our  forecart  best  applies  to 
times  leading  up  to  the  OASl’l.  maximum.  The  forecasted  peak  pressure  in  the 
band  0.1<f<)t)  Hz  lor  the  face  of  the  I’CK  is  164.4  *  1.1  db .  The  expected 
SPI,  maximum  lor  one  second  averaging  is  Ib'i.P.  +  ('.5  db ,  Figure  8.  The 
cor respoiul i ng  SPI,  maximum  for  the  same  offset  at  KSt;,  fret  c'f  the  ground- 
c  1  oud  ,  is  148.7  db . 

4.S.P  AB  Hoof  -  ill  like  manner,  vjc  simulate  pressure  on  the  roof  of 
the  Administration  Building  over  a  se()uence  of  launches,  Figure  9.  As  lor 
the  face  of  the  PPK,  spectral  shape  is  substantially  altered  by  site  uni((ue 
reverhezations ,  figure  10. 

Table  .  comp.ares  the  results  ol  a  third  octave  analysts  using  7.66 
secund  anipies  c.rc'uiid  the  maxiu'ut'.  from,  .vie  s  i  mu  1  ,i  t  i  on  with  I’orres- 

pondiiig,  values  obtained  for  4 1  i'  ciuc  .z  ,simu!ate(>  laurcb  at  r.  llat-carth 
tor  .'z  suifacu  observer  ollset  >1  '(>1  meters.  The  OASPI  toi  Mission  4  IP.  is 

149  dl  .  'Ihe  comparable  flat-e,.ttli  v.ilue  nsing  FOp.  wavelets  in  this 
simul.ition  is  14H.1  db.  I'he  flat-earth  f'A.'iPF  value  i  .s  quite  cKau-  to  6.4"' 
model  e  t  iiiiates  (.  t  '  .  I’ressuiu  imulat  ivzu  .  for  the  i  iof  i.>i  the 
Aumini  st  rat  U'l.  i.uiidiiip  and  ;  lace  c!  the  ii’i-;  tci:d  :o  t-e  highc'r  Ilian 


thosi.-  u ; ,  I  ,  lb  1  i  slii- d  ,a  i  e\'erbe  ■  it  i  I'n  ire.  iiu.  d  ;  si'.i  r  i  r  v  beCweei 


pi  e :.su  res  t  c  nd.  t  ,  y  t  ■ 


■  rea 


III  If'  . 


4.5  Launch  Pressure  Simulations  -  The  mapping  operator  W(t)  obtained 


from  flat-earth  measurements  is  now  applied  to  pressure  wavelets  produced 
by  2.5  pound  charges  detonated  over  tiie  Launch  Mount; 

“'sTS  *  '^exp 


V  1 

where:  Ppj.p  (t:f)  =  0^,T^(r,h;t)  = 

site  response  and  W ( t 1  is  defined  by 


Yp^,^(t.  =  W(t)  *  (t) 


Y  (t)  contains 
exp 

the  operation: 


the 


4.5.1  Last  Face  ol  PPR  -  Shuttle  launch  pressure  forecasts  within  the 
V21  station  area  differ  inarLedly  I  torn  pressures  measured  at  flat-earth 
sites  after  allowance  for  boundary  effects.  Figure  b  shows  a  sequence  of 
simulated  launch  pressures  on  the  east  face  of  the  PPk  that  contain 
reverberat tons  excited  by  shots  detonated  over  the  Launch  Mo\int .  The 
pressure  on  the  east  face  of  the  PPR  differs  significantly  from  simulated 
or  measured  pressures  for  a  flat-earth  site  at  the  same  offset. 

Reverberations  encountered  at  .Station  V23  alter  both  the  level  and 
spectral  shape  of  the  load  on  the  PPR.  Figure  7  Is  the  ratio  between  the 
pressure  spectral  level  on  the  PPR  with  like  values  for  a  flat-earth  site. 
Surface  loads  on  the  PPR  are  enhanced  by  as  much  as  14  db  because  of  local 
houndarv  ellects.  Tlio  reverberation  pattern  is  sensitive  to  source  and 
observer  location.  Almost  certainly,  launch  pressure  at  VAFB  will  continue 
ti'  dllfer  from  i:'  tor  times  well  after  the  Shuttle  has  cleared  the  Launch 
Mour.  t  . 

I’rthsuie  time  histories  for  simulated  launches  assume  the 


9 


spectra  produced  by  this  explosion  into  STS  launch  pressure  is  given  in 


Figure  3  with: 


I’hase  is  specitied  by  demanding  that  the  operator  be  realisable  and  of 
minimuni  phase  i':'). 

4.4  Simulation  Source  Hr rur  -  It  only  to  provide  a  check,  we  .s''i’!ulate 
a  STS  launch  tor  a  llat-earth  site  based  on  a  3 . S  pound  shot  wavelet 
measured  at  the  VAFR  K('I1  Test  Range  using: 


(  r  ;  i  )  =  W  (  t  ) 


•■'I'  .  ^ 

P  (  r  ;  L  ) 

exp 


i;  (  I  ;  t  i 


N  (  0  .  i  ; 


Simulated  launch  pre:-;.uri'  is  plotted  directly  above  Mission  4  1h  pressure 
measu 'ement s  taken  ?91  meters  southwest  ot  Pad  39A,  Figure  4.  As  can  he 
leadily  seen,  broadband  surtace  pressures  for  actual  and  simulated  launches 
look  much  alike.  The  main  difference  between  the  two  lies  in  a  change  in 
spectra]  content  that  occurs  over  time  for  the  actual  launch.  To  show 
this,  we  construct  a  j.equcnce  ot  bandwidth  limited  pressure  envelopes  tor 
the  launcf,  c  t  4 1 R ,  Figure  S.  The  low  frequency  envelope  for  an  actual 
launch  Is  mt're  persistent  than  allowed  by  the  broadband  envelope.  Also, 
the  low  frequency  poition  oi  the  ignition  pulse  for  an  actual  launch  is 
less  attenuated  bv  pad  structure  and,  as  noted  in  other  studies,  the  true 
plume  spectrum  drifts  to  lower  frequencies  as  the  rocket  climbs  to  altitudi' 
(2,y).  looking  ahead,  our  simulations  should  tend  to  moderately  underdrive 
low  frequency  f 5  Hx )  ,  li)wlv  dami>ed  (■clO/'i  structutes  such  as  the  P(  P . 


V, 


tor  l.miich  ir.dureil  siirfttoe  pressure  at  points  not  blanketed  by  tlie  exhaust 


rloud  tor  oitsets  >'!  i'jOt  r  «  I'i')  meters  over  a  flat,  open  area  like  VSC. 

s  .  ? .  Ky.ploslon  si'urcc  -  In  much  the  same  way,  surface  pressure 
Keneralcd  l>v  an  arrmo.pherit  explosion  satisfies: 


1  I 


;  t  )  *  V  (  t  )  *  C  t  ) 

e  X  p 


with  ex  t  r  apo !  a  t  Iv'P  s  .ibout  a  over  a  flat-csrrth  site  In  the  range  oi 
interest  a.siln  goyernied  by  snia  1  !  scrurce,  far-lleld,  spherical  acour.tics: 

‘  ■  .  i  k  (  I  -  a  ) 

,  1  r  ;  :  I  (a  .  h  ;  t  )  '<  C  t  )  ^  tf  (  t  )  •  a  •  e 

'■>-  '■  '-••'<1'  s  _ 

2 

(  a  ^  +  (  c^  /  c.  )  I  r  -  a  ^  ) 


!  r.  [he  a-  ,  tat  ■.on,'.,  :1 ;  1  f  e  fen  c  e lu'tween  explosion  and  l.iunch 

got. .  rated  ■■■it;, 1(1  ,  !■  ■■'.iite.  .ite  separated  into  purely  site  and  source 
.1 1  ;  I  1 1  u  t  e .  ..a  >■  :  t  1  (■ :  «  ices  can  then  he  directly  estimated  from 

tt.easurercnr at  '-it!;  1  i  !■  e  boundary  conditions. 

4.  i  Source  operator  W(t)  that  maps  an 

explosion  pressure  Into  an  erprlvalent  plume  source  for  common  boundary 
conditlor.s  and  sourt  e-ohse  rver  geometry: 


p  (  .1  ;  t  '  *  W  t  t  --  I'...,,..  (>i  ;t) 

e  X  p  r.  S  I  S  S 

Figure  1  t;  a  standard  1  orin  surtacc  spectrum  obtained  for  Mission  4  IK 
u'.ing  otrservat  Ions  in  tire  clear,  meters  SSW  of  Tad  19A  (2).  Included 

In  the  tlgure  Is  the  spectrum  ol  the  wavelet  produced  by  a  2.5  pound 
explosive  charge  lor  the  same  offset  and  averaging  time  at  a  flat-earth 
site,  see  Appendix  H.  The  amplitude  netiied  to  convert  surface  pressure 


; 
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Mi(!'\  iclual  channel  repp>)nscs  tor  these  tests  are  gi\en  in  Figures  lA  .'ini! 

.  Channel  scale  Laeters  arc  ult  iri.itely  traeeahle  to  a  to-ce  pri'cluitd  bv 
a  pruoi  mass,  cr  a  pressure  developed  bv  a  column  of  water  o!  knc'W'n  height, 
'.('iso  in  these  tests  is  coninated  bv  the  ambient  ciauM  t  Ion.''  at  ..hot  t  ime  . 
hardwaia;  noise  is  inconsequent  ia.'  n,2). 

Me.asured  wavelets  produced  by  2.1  pound  ib.arges  detr-nated  I"’,  <  ;  a.;u' 

b()  ■.T'oceis  above  the  haunch  Mount  are  givet;  in  Kiguri's  .'ina  AA.  The 
pressure'  and  seismic  wavelets  e.stabli.sh  .site-  .‘-pecilii  i  espon.se.s  ta 
acoustics  emitted  1  r(jm  i  points  along  the  STM  trajectorv  anci  incident  a:,  f 


loctil'ons  of  interest  to  SATAF. 


Al'lM'.MUX  A: 


Till'  Si'LNl  P.l,  i’l^lulKA.'' 

I  he  seiue.h  1  iig  pri'i>rnp.  ccillet!  tc'i  r.ie.i  sii  r  i  iig  pressures  and  iiiotioris 
;'iaduee(;  li\  s.r.iall  charpts  detouaiLd  »'\'or  the  (.auueii  Mount.  The  et't'ort  u.o. 

■  Mil  of  a  st.'rliM-  ot  step;;  to  upgrade  .'ori'casts  o!'  the  vi  b  ro-,i^  I'U  hi  i  c 
eiiv  i  roi'.i.it  1' t  :  or  STS  launehes  at  VAIB.  The  V23  sounding  pregrair,  wa;;  plnr.iud 
ii;  tv  '  segiiier  t  .  'Ihe  iir;.t  phase  eal’e'd  lor  a  Hiiritt-d  effort  to  develop  .i 
!.i(!i.,r!  base  to  tight  !v  riefir'c-  and  scheduie  a  larger  'ol  low-on  "productior" 
ell  ot  il'at  wc'uid  niininnllv  inpact  other  ’  te  activities. 

in  ‘i  iil,  lag,,  \i'  recons j.d<'red  its  need  to  conuuct  the  second  phase 
e  1  ;  o  I  t  ;  til'  prop,  aid  vork  was  i-ancelled  in  August.  As  a  cuir  sequence ,  Che 
iUrren'  stud'  i.ip.t  he  resti  ieted  to  tho.se  points  i  evered  by  the  M.irch 
te.us. 

iM,  tl'e  iiK'rninp.  oi  i,  Marcii,  I  h.H4 ,  seven  sharges  were  detonated  over 
thi:  l.aci'  h  Mount  v.’itli  llie  \'2h  stnu  Cures  in  launch  cou  i  i  gura  t  i  on  .  The  SAh 

tcM,:  .a  d  wall  paneis  were  not  complete!)-  in  place  lor  tlieso  tests.  instal- 

iitiop  or  the  rer... lining  panels  stunild  i;  tensify  rev  e  rbt'ra  1 1  on  s  . 

1,1  these  ti'sts,  slu't  elevations,  were  lir.iited  to  hO  nicrers.  bv  the 
'•i.ix  i 'US’  possible  blight  of  a  'U!  sp  i  r,  s  ion  line  s*:rune  hf-tween  the  Ms'i  cr.d 

!  igf'ier  source  elev.iiiii.s  ha.,  been  plannofi  us.ir.g  a  tetiierc-d  balloon, 
'■'ui  tie  p  t  o  i  s  i ,  I,  I,  .i.qrend  ibarges  troin  a  liailc'n  w.as  drojiped  after  a 

s  I  S'  :  ,  1  1,1  ,-Ti  ,o  I  1  nP  1 ,  lun ,  !  le  s, . 

'  c.i  ,11 1  e',:., 'r'  ■,  -weri'  taieii  ',,v  as.  elenert  of  th,-  i-,  i  ( .eophv  s  i  c,!  1  Data 
III  :(  .  .  vsto,..  lob,',;;)  fi4).  s  loniiguiti;  lor  t  !)e  1  i  li  I  -  test, 

iippii'i,  '  '■  I  i  1  r  1  c  am'  jiiessiue  ine.i  sij  renie’i  t  :  ,  sr  e  1  ah  1  o  i  .  f'hanne  1 

•  .  ,  '1  e.  Wen  i  i,.  L  e  t 1 1,1  d  bv  , ,  ua  1  V  p  ’  I  ,g  t  r.ins  ie  i:  t  s  excited  b'  s  step  input 

^lih  li'  ;  f  err  ;  ,i  pl.ni  |usL  before  .nid  .'i  f  t  e  r  the  siiot  seenence. 
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WAVhLKTS  I'RODL'CEI)  BY  A  2.5  POUND  SHOT 


Figure  4  A 


A!'n:xi)ix  B:  FLAT-F.ARTl'  V  i  I’.KC-ACOUST i CS 


Pressure  and  seisnic  transients  produced  by  2.5  and  5.0  pound 
charges  were  measured  at  the  I'On  Test  Range  at  VAFB.  I'he  range  is  a  flat 
.irea  largely  free  of  surface  ol-.stacles.  Boundary  acoustics  over  this  site 
are  t.iken  to  be  nnirli  i!;e  same  as  those  for  the  flat  open  area  surrounding 
^’ad  3dA  at  KSC. 

Surface  pressures  produced  by  air  shots  at  the  ROD  Range  and  during 
Shuttle  iaunche.s  are  readilv  extrapoJated  over  our  range  of  interest  as 
spheric;'.],  far-field  acoustics  on  a  flat-earth  boundary.  Differences 
between  pressure  nieasurcment;'  (>f  the  Shuttle  at  KSC  and  explosions  at  the 
F('P  Range  for  a  cormon  off.set  are  taken  to  be  solely  a  source  attribute. 
Difference  pressures  under  these  restrictions  can  be  mapped  into  one 
anotl’.er  by  temporrJ  convolution. 

figure  IR  is  the  v  ibro-acoustic  disturbance  produced  by  a  2.5  pound 

charge  at  the  fOLi  Range  measured  through  GDAb  configured  as  in  figure  2B 

witli  channel  responses  given  in  Figure  3B  through  5B.  The  pressure 

transient  is  1 1'vind  to  propiigati'  withcnit  a  change  in  form  at  a  medi;in 

'’elocity  ol  54  5  m/sec.  Figure  AB.  ’i  he  specific  acoustic  impedance  ;iL  the 

/,  ,  -3 

surlace  is  1./’'10  dyne  sec/cr.i  (rayl)  lor  all  but  the  air-coupled 
terni.  It  is  worth  noting  that  an  air-coupled  frequency  as  high  as 
encountered  here  (45  hz)  indicates  an  extremely  shafow  alluvial  cover 

'  !  5 )  . 


Surtaco  pressure  wavelet.>--  at  the  i'CiD  Range  differ  significantly  from 


those  generated  by  the  same  weight  charge  at  V23.  rifterenies  in  wavelet 
level,  form  and  duration  at  a  common  offset  are  due  to  boundary  generated 


pressure  terms. 
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CilANNEL  KESPONStS;  13-18 


Figure  58 
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AFI’FN’DIX  C: 


FSEUIK'  \  K;()CITY  S1’1.(  IRyX 


PsiMith'  velocity  .‘■pectia  ate  (crrpuCed  from  the  Sfc.iii<i  order  d  i  f  le  i  eii  t  1  a  1 

equation,  y(t')  +  av  1 1  ’  •  Ity  (t)  where  V(t)  is  base  acce  1  e  ra  t  lor.  and 

ih  the  displacement  o;  tlu'  structural  itlemeut,  respondinp,  at.  .a  rneclianical 

('siillator  (  1  (i ;  .  a '  and,  h’s  are  reltited  to  t  requency  (t)  and  d.iniplnj; 

•> 

liu'ti'r  (d)  as  toiiows;  '  i  rt  !  )  and  a  ~  ;;  ti  f . 

Vtaiido  velocity  sjie  •  i  .i  c.a  1  1  tor  returning  the  absolute  maxiniuir.  v.ilue  't 

\  ,  tor  an  en.senible  at  d.'riping  auc  tree  period  valtuss  ior  tin  iniuit  >:  (t). 

Mice  we  have  Imso  vc  !('c;tv  v  i  r  i  available  as  <in  output  f  roc!  c'u  i  simulation. 

So  I  i  Vo  1.1  .  max  b  v  : 

y  t  t  1  a  /  V  '  t  ,)  ,1  t  •  1  y  /  V  c  o  '  d  od  t  -  /  V  t  I  )  d  t  . 

r  .  .ipfirov  IT':;]  t  ing  s.,|ui:..n  f ,  )■  liinirete  values  witliAt-  b,  and  /etc' 

i  n  i  I  i  a  !  ond  i  t  j  ei.  i  •  ■  g,  1 r"  b  v  : 

V  n  -  1  n-  i  n  -  1 

^  ,  M  -  a  i  y,  -bh  ,  i 

I  .  il'*  e  lii-' 

J  4 

1  he  f  ri-(juenc  i  e>;  u.sed  range  irom  .25  to  db.O  H/  In  increments  oi  .25  Hz. 
7he  V  nitty.  \'.alues  are  in  turn  multiplied  by  the  appropriate  angular 
tiicjencles  to  give  spectr.i  with  the  units  of  velocity. 
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Power  Spectral  I'onsity  lor  the  Shuct’e 


Range 

A.  Ai  SiuitMc'  Ac  t  ivat  i  oii  lask  M-'rre 

i  Suppc'Vt  ITpiipmcnL  Building 

Poui.d  Pov;er  level 


,  co'f  [  ran  sT’crt  a  L  i  on  Pvsteir, 


t  lir.u 

1  1  j  ihi  rat  1 .  p 


'  eOp 

■’■op:  ‘'.otion 

P:  ; 

oil!;-’  h  I’.u! 

St  a!  j  on  Set 

:  o  r 

VAI'R 

V.U'dl 

:;lu'  r  y;  i  l 

iorce  Base 

‘!a  p|i  i  ug  '  'p'  !  t  ( •  r 


I  '  I'.-.p 

:  f  or. 

lieO.l  1  i  i 

'■f'  rp: 

L  )  Si  S 

'  ‘poorrc’ 

\  r  mi 

I 


(t)  Dirac-Oeltn  Function 

U|^(x;t)  CoraponGiit  Motion  at  Location  y  and  Lime  t 

Tho  response  at  ii  Field  Point  for  a  Linear  System  Fxcltc 
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